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Pulmonary vascular proliferation in patients with
severe COVID-19: an autopsy study

Belén Pérez-Mies,"*

ABSTRACT

Diffuse alveolar damage and thrombi are the most
common lung histopathological lesions reported in
patients with severe COVID-19. Although some studies
have suggested increased pulmonary angiogenesis,

the presence of vascular proliferation in COVID-19

lungs has not been well characterised. Glomeruloid-like
microscopic foci and/or coalescent vascular proliferations
measuring up to 2cm were present in the lung of 14 out
of 16 autopsied patients. These lesions expressed CD31,
(D34 and vascular endothelial cadherin. Platelet-derived
growth factor receptor-p immunohistochemistry and
dual immunostaining for CD34/smooth muscle actin
demonstrated the presence of pericytes. These vascular
alterations may contribute to the severe and refractory
hypoxaemia that is common in patients with severe
COVID-19.

INTRODUCTION

Patients with COVID-19 pneumonia admitted to
the intensive care unit usually present severe, persis-
tent and refractory hypoxaemia. Several vascular
mechanisms have been described to explain this
severe hypoxaemia, including the loss of hypoxic
pulmonary vasoconstriction, vessel enlargement
and hyperaemia. Some image studies using CT, func-
tional respiratory imaging on CT and dual-energy
CT support the hypothesis of hyperperfusion asso-
ciated with vasodilation.'™ In addition to vasodila-
tion, vascular proliferation due to local angiogenesis
might contribute to increased perfusion. Acker-
mann et al,* by using transmission and scanning
electron microscopy and microvascular corrosion
casts, elegantly demonstrated increased intussus-
ceptive and sprouting angiogenesis in patients with
COVID-19. However, at present, the histological
manifestations of lung angiogenesis associated with
COVID-19 are not well characterised.

In this study, we analyse lung vascularisation by
immunohistochemistry in 16 autopsied patients in
order to evaluate the role of increased angiogenesis
in COVID-19 lung pathology and its potential role
in hypoxaemia.

METHODS

This retrospective series included clinical, patho-
logical and laboratory data from 16 patients with
confirmed SARS-CoV-2 infection who were autop-
sied in our institution. A detailed description of histo-
pathological and immunohistochemical methods is
presented in the online supplemental files.
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Vascular proliferation was semiquantitatively
scored from 1 to 3 on one CD34-stained lung
section from each lobe (80 sections in total)
(figures 1 and 2). Vascular proliferations consisted
of capillary tufting resembling glomeruloid lesions
or capillaries arranged perpendicular to each
other, forming a complex mesh-like framework
(figure 1D-I). The number of such lesions of at
least 150 um in size was counted in each CD34-
stained section. If <5 lesions were observed, the
section score was 0. If more than five lesions were
observed, it was scored 1. If there was confluence
of lesions, occupying at least one low-power field,
it was scored 2. Finally, if vascular proliferation
measured more than 1cm in its maximum diam-
eter, it was scored 3 (figure 2). The final vascular
score (VS) from each patient was the sum of indi-
vidual lobe scores (from 0 to 15).

RESULTS

Clinical, pathological and immunohistochemical
data of this series are presented in online supple-
mental files. Glomeruloid-like and coalescent
proliferations expressed CD34, CD31 (online
supplemental 3A,B), and vascular endothelial (VE)
cadherin (figure 3A), indicating their vascular
origin. In addition, single immunostaining with
platelet-derived growth factor receptor-p and
double immunostaining for CD34/SMA (smooth
muscle actin) demonstrated the presence of peri-
cytes (figure 3B,C and online supplemental figure
3C,D). Variable Ki67 expression indicated prolifer-
ative activity in these lesions (online supplemental
figure 4A,B). Dual immunostaining for CD34/
CK18 (cytokeratin 18) differentiated these vascular
areas from areas of deficient alveolar expansion or
artificial collapse (figures 1E]I and 2E).

We found microscopic foci of vascular prolifer-
ation in at least one lobe in 14 patients (87.5%)
(online supplemental figure 6). Eleven patients
(68.7%) had a VS of 2 or 3 in at least one lobe.
The median VS was 5.5 (IQR 3.25). Eight patients
(50%) had a VS equal to or lower than 5 (low VS),
and eight patients (50%) had a VS of 6 or higher
(high VS).

We did not find statistically significant differ-
ences between patients with high and low VS in any
of the clinical, laboratory or pathological variables
analysed (see online supplemental file). A positive
significant correlation was observed between VS
and age (online supplemental figure 7).
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Figure 1 Vascular patterns in patients with COVID-19. (A) Normal
lung H&E. (B) CD34 expression in normal lung. (C) Dual staining

for CD34 (brown) and CK18 (pink) in normal lung. (D) ‘Glomerular-
like" vascular tufting>150 pm, protruding into the alveolar lumen or
enlarging the alveolar walls (VS 1). (E) CD34 staining. (F) Dual staining
for CD34/CK18 with some epithelial cells in alveolar spaces. (G)
Confluent capillaries arranged perpendicularly to each other occupying
at least one high-power field (VS 2) (H) CD34 staining. (I) Dual staining
for CD34/CK18 with scarce residual epithelial cells in alveolar spaces
not entrapped in the vascular proliferation. VS, vascular score.

DISCUSSION

We observed that vascular proliferation is a frequent finding
in the lungs of patients with severe COVID-19. Lesions were
irregularly distributed across all pulmonary lobes, although they
tended to predominate in lower one, and ranged from micro-
scopic glomeruloid-like to coalescent areas greater than 2cm. In
these vascular lesions, endothelial cell proliferation was demon-
strated by Ki67 immunostaining. Since we did not observe an
association between VS and hospital length of stay and the
percentage of diffuse alveolar damage (DAD) lesions, our results
suggested that vascular proliferation was not directly related to
the process of DAD that was common in these patients.

Despite the relatively high number of COVID-19 autopsy
series recently reported, lung vascular proliferation has been
only occasionally mentioned. This is probably due to the masking
of such changes in the context of severely damaged lungs with
DAD lesions. Although capillary congestion has been frequently
described,’ increased vascularisation has been reported in only
two series. In an ultrastructural study without histological corre-
lations, Ackermann et al* observed increased angiogenesis in five
patients. In addition, De Michele et al® reported frequent micro-
scopic capillary hemangiomatosis (PCH)-like lesions, usually
detected in patients without DAD histological patterns. In our
series, in addition to the microscopic lesions similar to those
described by De Michelle et al, we saw confluent lesions, some
of them observable at the macromicroscopic level both with the
H&E-stained sections and with sections analysed for CD34,
CD31 and VE-cadherin expression. These vascular prolifera-
tions differed from those observed in PCH, an infrequent lesion
associated with pulmonary hypertension in which the lung archi-
tecture is preserved and thickened alveolar septa contain at least
two layers of capillaries.” Interestingly, vascular proliferations in
the form of PCH and glomeruloid structures, like those observed
in our study, have been described in the lungs of morbid obese
patients, a condition that predisposes to severe COVID-19.
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Figure 2 Case with vascular score 3. (A) Complex mesh-like

vascular framework of 1.7 cm of diameter with no or minimal residual
alveolar spaces (area within lines), panoramic view. (B) CD34 staining,
panoramic view. (C) Mesh-like framework capillaries replacing normal
lung. Detail of area within lines is shown (A). (D) CD34 staining. (E) Dual
staining for CD34/CK18 with scarce epithelial cells in residual small-size
alveolar spaces.

However, in our series, we did not observe differences in weight
between patients with different VS.

Vascular proliferation likely reduces the ventilation:perfusion
ratio, contributing to refractory severe hypoxaemia. However,
although we observed that patients with high VS had a lower
PaO,/FiO, (last measurement before death) than those with low
VS (83.67+17.14 vs 94.86+34.40), these differences were not
statistically significant, probably due to the small sample size and
the confounding effect of DAD lesions present in most patients.
We observed that VS increased with age. Increasing age is a

Figure 3 Vascular markers. Positive vascular endothelial cadherin
staining in a glomeruloid-like structure (A). Single immunostaining
with platelet-derived growth factor receptor-§ (B) and dual staining for
CD34 (pink) and smooth muscle actin (brown) (C), demonstrating the
presence of pericytes.
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well-known risk factor for death in patients with COVID-19.
Further studies, including a larger number of patients, are neces-
sary to evaluate the possible role of vascular proliferation in the
poor prognosis of older patients.

Although poorly characterised at the histological level,
increased angiogenesis has been demonstrated after DAD
induced by SARS-CoV-2 and influenza A.*® After injury, angi-
ogenesis occurs to restore lung vasculature. Ackermann et
al demonstrated that the amount of new vessel growth in the
lung of patients with COVID-19 was 2.7 times higher than in
the lungs from patients with influenza. The authors speculated
that the greater degree of endothelialitis and thrombosis (two
types of lesions that we also that were observed in our series) in
the lungs from patients with COVID-19 may contribute to the
increased angiogenesis observed in these patients in comparison
with influenza patients.”

Although SARS-CoV-2 can infect endothelial cells, we did not
observe viral protein expression in our immunohistochemical
study (not shown). In vitro studies have reported that alveolar
epithelial cells were more susceptible to SARS-CoV-2 infection
than pulmonary microvascular endothelial cells.'"” More prob-
ably, endothelial cells can be damaged by excessive exposure to
proinflammatory cytokines secreted by epithelial cells, leuko-
cytes and macrophages in the context of DAD. In our series,
macrophages were the most frequent inflammatory infiltrate
observed, which are well-known producers of proangiogenic
factors.

Our retrospective study has several limitations, such as the small
sample size and the lack of a validation cohort including patients
without COVID-19. Although we do not claim that vascular
proliferation is a specific finding in patients with COVID-19, our
results support the previous suggestion of increased angiogen-
esis in this disease. In addition, vascular proliferation provides a
plausible histological explanation to some previous clinical and
ultrastructural findings in patients with severe COVID-19 and to
the pathophysiology of their acute respiratory failure.

Twitter Irene Carretero-Barrio @irenecarretero, Amparo Benito @AmparoBenito
and Jose Palacios @jpalacioscalvo
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